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($4) TiUe: NUCLEIC ACID DELIVERY VEHICLE 

(57) Abstract 

A composition is provided comprising a liposome 
which has a polynucicic acid and a peptide capable of 
disrupting membranes under acidic conditions encapsu- 
lated within it. The composition is used for efficient 
transfer of nucleic acids inio cells both in vitro as well 
as in v(vo. 
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NUCLEIC ACID DELIVERY VEHICLE 



FIELD OF THE INVENTION 

The present invention is generally in the field of gene delivery 
and concerns a delivery vehicle for delivery of nucleic acid molecules to 
cells, both in vivo and ex vivo. 

5 

BACKGROUND OF THE INVENTION 

The development of gene therapy for inherited or acquired 
diseases is dependent on the establishment of safe and efficient gene delivery 
svstems. One method for in vivo gene transfer uses viruses to transfer the 

10 exocenous gene into cells, but this method also transfers viral genes into the 
cells which may produce undesirable effects. In addition, contamination by 
wild tvpe viruses is also a risk in this method. 

Aiiolher method for in vivo gene transfer uses a complex of 
positively charged liposomes (composed of synthetic lipids) that bind to the 

15 DNA (the DNA is not encapsulated in the liposomes) (Zhu. N.. ec al.. 
Science. 261:209-211. 1993). However, the toxicity of positively charged 
liposomes (Ruz. E . er ciL. In: Vaccines, Cold Spring Harbor Laboratory 
Press. Ciild Spriny Harbor. NY. 1994) limits the use of this method. 
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A complex of poly-L-lysine coupled to DNA and a ligand which 
can be targeted to the cell surface was also used for in vivo gene transfer 
(Wu, G.Y. and Wu, C.H.,7. Bioi Chem., 263:14621-14624, 1988; Perales, 
J.C., e( ai, Proc, NaiL Acad, ScL, USA 91:4086-4090. 1994). However, 
transient expression of the transferred gene and immunogenicitv of the 
complex limits the use of this method. Neutral or negatively 

charged liposomes (composed of synthetic or natural lipids) that encapsulate 
DNA were hitherto used for in vivo gene transfer (Nicolau, C. er uL, Proc. 
Nad. Acad. Sci.^ USA, 80:1060-1072, 1983; Liebiger, B., et ai. Biochem. 
Biophys. Res. Commun., 174:1223-1231, 1991). 

Such liposomes are non-toxic, non-immunogenic and biode- 
gradable (Storm et ai In: Gregoriadis, 0. (Ed), Liposome Technology, 2nd 
Ed. CRC Press. Baca Ralor. FL 1993, 00.345-383) and are therefore good 
candidates for repetitive high dose treatment. However, the gene transfer 
efficiency in these experiments was low. One possible explanation for the 
low efficiency is that the DNA, which is encapsulated in liposomes and 
enters the cytoplasm through the lysosome (Cudd, A., and Nicolau, C, 
Biochim. Biophys. Acta, 845:477-491, 1985), is degraded bv active DNases 
in the ivsosome. 

Tfiereforc, treatments that inhibit lysosome activities can increase 
the amount of liposome-encapsulated DNA inside (he cells 

Indeed, adenovirus particle and peptides derived from the N- 
(erminal of the Influenza virus hemagglutinin subunil HA-2, which can 
disrupt membrane at low pH and therefore disrupt the lysosome membrane, 
were shown to enhance in vitro gene transfer efficiency when coupled to 
poly-L-lysine and DNA (Curiel, D.T., et ai, Proc. Nad Acad, Set.. USA. 
88:8850-8854. 1993: Wagner. E., et aL Proc. Nati Acad. Ser, USA, 
89:7934-7938. 1992). 

The efficiency of cationic-liposome mediated in vuro DNA 
iransfection into cells was also shown to be increased when the cationic- 
liposomcs were mi.xcd with the DNA to be transfccted together with two 



wo 97/10851 



- 3 - 



PCT/1L96/OOI01 



additional peptides derived from the InOuenza vims hemagglutinin protein 
to form a complex between these three components (Kamata, H. et al. 
Nuclear Acid Research 22:536-537, 1994). 

Fusion of liposomes prepared by reverse-phase evaporation (RPE) 
5 carrying DNA or protein molecules to target cells was shown to be mediated 
bySendai virus proteins (Kameda, Y. etal,Exp. Cell Res. 173.56. 1987) or 
inHuenza virus proteins (Lapidot, M.. Loyter, A.. Exp. Cell Res. 189:241- 
246. 1990. Tikchonenko, T. 1. et al. Gene 63:321-330, 1988) which were 
introduced mto the liposome membrane (i.e. were present on the liposome's 
10 outer surface). The introduction of the DNA or protein encapsulated in the 
liposome was dependent on the presence of an active viral fusion protein 
and. therefore, either intact Sendai or inHuenza virus particles or their 
reconstituted envelopes were required. Liposomes containing modified 
reconstituted viral envelopes integrated in their lipid bilayer (Gould- 
15 Fogerite. S. et al. Gene, 84, 429-438. 1989) were also prepared by the 
protein-cochleate technique. Such liposomes were used for stable gene 
transfer and expression in animals. 

All the above mentioned liposomes have large viral particles or 
reconstituted viral envelopes integrated in their lipid membrane which 
20 protrude outwards from the liposome membrane. !n vivo administration of 
liposomes carrying such large viral particles may be hindered by the high 
antigemcitv of such large particles as well as occasionally by their toxic 
effects. 

25 SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a novel 

polvnucleic acid delivery system. 

It is a further object of the invention to provide a method for the 
introduction of a polvnucleic acid sequences into cells. 
3Q The invention concerns a novel composition for liposome- 

medialed ex vivo (particularly to cells removed from the body and returned 
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to the body following a genetic manipulation) and in vivo transfer of nucleic 
acid sequences to cells. The formulation comprises liposomes in which a 
nucleic acid sequence is co-capsulated with a peptide that disrupts mem- 
branes at a low pH. 

5 The present invention thus provides a composition comprising: 

i. a polynucleic acid molecule; 

ii. a liposome; and 

iii. a peptide which disrupts membranes under acidic conditions; 
said peptide and the polynucleic acid molecule being encapsulated 

10 within the liposome. 

The polynucleic acid molecule may be a DNA molecule, an 
RNA molecule, a molecule consisting of both ribonucleotides and deoxy- 
nucleolides (RNAyDNA hybrid). The polynucleic acid molecule may be a 
large nucleic acid construct, such as a plasmid, an oligonucleotide, etc. The 

15 polynucleic acid is typically encapsulated within the aqueous interior of the 
liposome. 

The liposomes used in accordance with the invention may be 
multilamellar or unilamellars. Most types of liposomes belong to either one 
of the following three types: multilamellar vesicles (MLV). small 

20 unilamellar vesicles (SUV) and large unilamellar vesicles (LUV"). MLV's 
lypicallv form spontaneously upon hydration of dried phospholipids. SUVs, 
may be formed from MLVs by sonication and unlike the mullilayered, onion 
skm-iike structure of MLVs, they are single layered. SUVs are small with 
a high surface-to-volume ratio and thus have the lowest capture volume of 

25 aqueous space per weight of lipid. 

As distinct from SUVs, LUVs have a large aqueous compartment 
and a single, or at times a few, lipid lavers. 

The liposomes may be comprised of a variety of lipids, including 
phospholipids, glycolipids, etc. Preferably phospholipids constitute a major 

30 component in the liposomes' membranes. Preferred phospholipids are a- 
Iccithines (also known as phosphatidyl-cholines), which are mixtures of 
diulvccridc of stearic, palmitic and oleic acids linked to the choline ester of 
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phosphoric acid. Lecithines are found in and obtainable from animals and 
plants. Preferred sources of lecithines are eggs, soybeans, animal tissues 
such as brain, heart, and the like. Lecithines can also be produced 
synthetically. As will no doubt be appreciated by the artisan, the source of 
5 the phospholipid is immaterial to the present invention and any phospholipid 
will likely be suitable. 

Examples of specific phosphatides are L-a-(distearoyl) lecithin. 
L-a(diapalmitoyl) lecithin, L-a-phosphatide acid, L-a-(dilauroyl)- 
phosphatidic acid, L-a-(dimyristoyl) phosphaiidic acid, L-a-(dioIeoyl) 

in phosphatidic acid, DL-a-(dipalmitoyl) phosphatidic acid, L-a-(distearoyn 
phosphatidic acid, and the various types of L-rr-phosphatidylcholines 
prepared from brain, liver, egg yolk, heart, soybean and the like, or 
svntheticallv, and salts thereof- Other suitable modifications include the 
controlled peroxidation of the fatty acyl residue cross-linkers in the 

15 phosphatidylcholines (PC) and the zwitterionic amphiphaies which form 
micelles by themselves or when mixed with the PCs such as alkyl analogues 
of PC. 

In addition to phospholipids, the liposomes may also comprise 
various other lipophilic or amphophilic molecules. The composition of the 
20 lipid membrane may be tailored for a varietv of specific uses, cither to 
obtain certain stability, size distribution, etc. 

In the composition of the invention, the lipids and the other 
lipophilic or amphophilic molecules constitute together about 1-30% of the 
composition's volume, preferably about 10%. In addition to the 
25 composition's ingredients, mentioned above, the composition may also 
comprise various preservatives and antioxidants. 

The compositions of the inventions are preferably dehydrated, 
rehvdrated vesicles (DRV). DRVs are prepared bv rehydration of a 
dehvdraled composition which upon addition of water spontaneously forms 
30 the composition of the invention. DRVs may be prepared in a number of 
wavs By one exemplary way, a mixture is first prepared consisting of 
SUV's, said agent, the polynuclcic acid molecule and cryoprotectants. 
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Examples of cryoprotectants are sucrose and amino acid (e.g. hystidine, 
lysine and arginine). The cryoprotectants are typically added at an 
osmoiarity which is less than physiological (i.e. less than about 300 mOsm). 
The mixture is then lyophilized up to a water content of less than 2%. The 
5 reconstitution is typically a multi-stage procedure wherein the first step is 
a low volume rehydration, i.e., rehydration with a volume of an aqueous 
solution (which may be water or preferably an aqueous solution comprising 
salts (e.g. NaCI) or other solutes (e.g. sugar) to yield isotonicity with body 
fluids, i.e. osmoiarity of about 300 mOsm), equal to about a third or less 
10 than the final water volume. Typically, as noted above, the compositions of 
the invention comprises, on a weight per volume basis, about iO^^^ lipids and 
a low volume of the aqueous solution in the first hydration step, is tvpically 
addition of water to yield a concentration of lipids of about 30% (w/v). 
Then aqueous solution is further added gradually to yield the final volume. 
15 In another exemplary way, DRVs can be prepared bv mixing the 

ingredients of the composition with a tertiary alcohol (e.g. tert-butanol) - 
in-water solution, with the alcohol concentration being in the range of about 
10-30%. The concentration of the alcohol typically correlates the 
hvdrophobicily of the lipid ingredients, with higher hydrophobicity meaning 
a higher alcohol concentration. The mixture is then lyophilized (alcohol is * 
more volatile than water and accordingly lyophilization is more rapid than 
that achieved with a solution comprising water alone) The rehvdration is 
performed in a similar manner to that described above. 

The manner of preparation of liposomes and their tailoring to suit 
a specific need is generally known to the artisan and is outside the scope of 
the present writing. Non-limiling examples of methods for the preparation 
of liposomes are those mentioned above being reverse-phase evaporation 
(RPE) (Kameda ec aL supra) or the prolein-cochlcate technique (Gould- 
Fagerite ec al, supra). 

The liposome of the invention may be targeted to a desired cell 
by various targeting methods known per se. such as by having a recognition 
molecule anchored in the liposome membrane, e.g. a member of a binding 
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couple, the other member being one molecule on the surface of the target 
cell (examples of such binding couples are antibody-antigen, the antibody 
being anchored within the cell, and the antigen being antigen specifying the 
target cell; ligand-receptor couple, ligand being anchored in the liposome 
membrane and the receptor being a specific receptor for the target cell; 
sugar-lectin couple, the lectin being anchored in the cell membrane and the 
su£iar being displayed on a cell surface; etc.). 

The peptide comprised in the composition of the invention is a 
small molecule comprising up to about 50 amino acids (a.a.). In contrast to 
prior art liposomes which incorporate large viral particles in their membrane 
having at least a portion protruding outwards from the liposome surface, the 
peptide of the present invention is encapsulated within the liposome wherein 
,1 IS either incorporated within the lipid layer of the liposome or is 
encapsulated in the liposomes inner aqueous part. Therefore, in vivo 
administration of a composition comprising a liposome of the invention does 
not elicit an immunogenic reaction and the composition also has no toxic 
effects. 

The peptide of the invention is such which changes its conformation under 
acidic conditions to conformation where it becomes active in disrupting 

1 membranes Such a peptide typically undergoes a conformational change 
under acidic conditions to a conformation of an a-helix where it becomes 
membrane disruptive. A liposome is internalized into a cell by endocytosis, 
and eventually reaches the lysosome within the cell. Owing to the acidic 
conditions within the Wsosome, the peptide becomes membrane disruptive 

5 and following disruption of the lysosome's membrane the DNA is released 

into the cytoplasm. 

Examples of such peptides include peptides such as those 
described bv Plank et oL J. Biol. Chem., 269. 129 IS- 12924. 1994) a variety 
of virus-derived peptides having this property, such as the influenza virus 
0 hemagglutinin HA-2 N-ierminal phvsiogenic peptides (Wagner e: al. supra) 
ot Sendai vuus derived particles (Kameda ct al. supra). Other peptides may 
also be derived from various bacteria or alternatively may be one synthe- 
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sized by chemical or recombinant genetic engineering methods. It will be 
appreciated that these are but an example and there are a variety of other 
peptides which can be used for this purpose. 

The invention also provides a method for introducing nucleic acid 
molecules to cells comprising: 

(a) encapsulating a nucleic acid molecule within a liposome together 
with a peptide capable of disrupting membranes under acidic conditions; 

(b) delivering said liposome to the cells. 

A specific embodiment in accordance with the invention is the 
i/i i^ivo delivery of polynucleic acid molecules to liver cells For in vivo 
delivery of the polynucleic acid molecules, the compositions may be injected 
intravenously or intra peritoneally. 

The invention will now be illustrated in the following non- 
limiting specific embodiment. 

DESCRIPTION OF THE DRAWING 

Fig. 1 shows results of an experiment demonstrating the presence of 
plasmid DNA in mouse liver 7 days post-injection of liposome encapsulated 
plasmid DNA. Balb/c mice (8 weeks old) were injected i.v. through the tail 
vein with 500 ng of factor IX expression vector' (pCI-FIX) encapsulated in 
liposome with (lane 4) or without (lane 3) a 22 mcr peptide Total DNA 
(30 /<g) purified from livers that were excised 7 days after the injection or 
from untreated mouse (lane 5), were digested with BamHI loaded on a 1% 
agarose gel and subjected to Southern blot analysis probed with -'^P random 
priming-labelled Bluescript plasmid DNA. The number above each lane 
indicated the amount of plasmid DNA calculated according to 500, and 
10 pg of the plasmid pCI-FIX (lane 1 and 2) loaded on the same gel. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

I. Encapsulation of membrane disrupting peptide in liposomes 

A 22 mer peptide, including 20 amino acids derived from the 
N-tcrminal sequence of the Influenza vir'us Hemauulutinin subunit HA-2. 
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was synthesized by the Fmoc procedure using an Applied Biosystem 430A 
peptide synthesizer. The peptide had the following sequence (the first 20 
amino acid residues are those of the Influenza virus Hemagglutinin protein 
with a substitution of glycine for glutamic acid at position 4): 

Gly-Leu-Phe-Giu-Ala-Ile-Ala-Gly-Phe-Ile-Glu-Asn-Gly-Trp- 

Glu-Gly-Met-Ile-Asp-Gly-GIy-Gly. 

In addition, palmitic acid was covalently bound to the N-lerminal 
of an aliquot of the synthesized peptide. 

The free peptide and the peptide attached to palmitic acid were 
encapsulated in liposomes composed of egg phosphalidvlcholine (EPC) by 
the freeze-drying method (Kirby and Gregoriadis in: Gregonadis. G (Ed) 
Liposome Technolos}\ CRC Press, Boca Raton. FL, 19S4, pp. 19-24): EPC 
supplemented with O.ll'^n (molar ratio) DL-a-tocopherol (Lipoid) was 
dissolved to 20% (w/v) in tcrt-butanol and lyophilized. The dry lipid was 
resuspended to 10% (w/v)) in H,0 and homogenized, first in a high-shear 
mixer (Kinematica) and then in a high-pressure homogenizer (Rannie). The 
resulting solution contained small unilamellar vesicles (SUV). 30-50 nm m 
size as measured by particle analyzer (Counter Electronics). The free 
peptide or the peptide attached to palmitic acid was dissolved in 50 mM 
NaHCOi and mixed with the SUV suspension at a ratio of either I or 2.5% 
molar ratio of peptide to lipid. The mixture was shell-frozen to a thin layer 
in siliconized glass vials in a dry ice/eihanol bath and Ivophilized. Before 
use, the dry lipids and peptide were hydraled in two stages. First, H.O was 
added to 30% of the final volume and the mixture was shaken until a 
homogeneous solution was obtained. The solution was then adjusted to 10% 
(w/v) lipid and 155 mM NaCI. Following hydration, a portion of the 
liposome solution was ccnirifuged at 15,000 \ g for 10 min. at 4°C, and the 
supernatant containing free peptide was separated from the liposome pellet. 
The pelleted liposomes were then washed with 2 volumes of 155 mM NaCl 
and cenlrifuced as above. The peptide content in each fraction was 
determined by measuring adsorption of the peptide at 280 nm and then 



percentage of encapsulation was calculated. The results are summarized 
below in Table 1. 



Table I 



Peptide type and concentration 
(molar ratio of peptide to lipid) 


% encapsulation 


1% mole of free peptide 


100 


2-5% mole of free peptide 


57 


\% mole of palmitic acid-peplide 


75 


2.5% mole of palmitic acid-peplide 


20 



These results indicate that encapsulation of the 22 mer peptide in 
liposomes is the highest at a 1% molar ratio of peptide to lipids, and that a 
higher molar ratio results in lower encapsulation level. In addition, free 
peptide was encapsulated more efficiently than peptide attached to palmitic 
acid. 

2. Co-encapsulation of DNA and peptide in EPC liposomes 

Three hundred and fifty micrograms of factor-^IX expression' 
vector pCI-FlX (EcoRI - BaniHI fragment of the plasmid pLIXSNL-2 
(Gerrard e( ai, Nature Genetic 3:180-183 (1993) containing human factor 
IX cDNA inserted into the EcoRI and BamHl sites of the expression vector 
pCI (Promega, USA)) was mixed with 10 ng of nick translated factor IX 
expression vector labeled with a--*-? dATP. The DNA mixture was then 
mixed with 0.56 ml of 5% SUV of EPC and 0.83 mg of peptide (1% molar 
ratio of peptide to lipid) dissolved in 50 mM NaHCO;. The final mixture 
was shell freczcd and liposomes were prepared as described in Section 2. 
Following hydration, a portion of the liposome solution was ccntrifuged at 
15.000 X g for 10 mins. at 4°C» and the supernatant containing free DNA 
was separated from the liposome pellet. The pelleted liposomes were then 
washed with 2 volumes of 155 mM NaCl and ccntrifuged as above. The 
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DNA content in each fraction was determined using a)9 counter. Percentag- 
es of DNA associated with liposome were calculated by dividing ^-P counts 
in the washed liposome pellet by total ^-P counts in the initial liposome 
solution. The peptide content in each fraction was determined by dissolving 
100 sample of fraction in 50 nM NaHCO, and 5.1% (v/v) reduced triton 
x-100 (Sigma), and measuring fluorescence of the peptide (excitation at 280 
nm and emission at 340 nm) using a spectrofluorimeter machine (LS 50B, 
Parkin, Elmer, USA). Percentages of peptide associated with liposomes 
were calculated by dividing peptide fluorescention level in the washed 
liposome pellet by peptide fluorescention level in the initial liposome 
solution- The results are shown in Table II. It can be seen that 48% of the 
DNA vvas associated with liposomes which co-cncapsulaie peptide. This 
result is indication thai encapsulation of the peptide in the liposomes has no 
sicnificant effect on encapsulation of DNA in the same liposomes. 

Table II 



Co-encapsulation of DNA and peptide in EPC liposomes 



Type of liposome formuiatioD 


Percentage of 
liposome-associated 
DNA 


Percentage of 
liposome-associated 
peptide 


Liposomes and DNA 


48 




Liposomes, DNA and peptide 


42 


63 



3. In-vivo gene transfer by a Uposome formulation containing factor 
IX expression vector 

The liposome formulations were prepared as described in 
Sections 2 and 3. The first formulation contains 1 .5 mg of human factor IX 
expression vector and 120 mg of EPC. The second formulation contains 
1,5 mg of factor IX expression vector, 120 mg of EPC and 3.5 mg of the 
peptide After the hydration, the liposomes were injected i.w into 8 weeks 
old male Balb/c mice (each formulation was injected into 3 mice). At 7 
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days posl-injection the mice were sacrificed and DNA was purified from the 
livers of the mice. (The liver was the organ which adsorbed most of this 
kind of liposome following i.v. injection). 

Total DNA (50 ug) was extracted from the liver of liposome- 
injected mice and was used to transform competent E.coli (JM109) as 
described in Sambrook et ai (Molecular Cloning, A Laboratory Manual, 
2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 
1989). The transformed bacteria were plated on Luria-Bertani (medium) 
(LB) agar plates supplemented with 100 ;/g Ap/ml, grown ovcrniuhl at 3TC 
and Ap" colonics were scored. Transformation efficiency and quantitation 
of plasmid DNA in the liver DNA was determined using a standard curve 
developed by transformation of competent bacteria with 500, 100 and 10 pg 
of factor IX expression vector mixed with 50 ag of liver DNA from 
untreated mice. The transformation efficiency was 5 x 10-' colonies//^g of 
purified plasmid DNA. Because only the injected factor LX expression 
vector could confer Ap resistance, the number of transformed Ap resistant 
(Ap^') bacterial colonies was a direct indication of the plasmid DNA content 
within the total mouse liver DNA. As indicated in Table III, colonies of 
Ap" bacteria were found only in plates containing bacteria which had been 
transformed with DNA purified from livers of mice that had been injected' 
with iiposome-encapsulated factor IX expression plasmid. The number of 
Ap" bacterial colonies in plates of bacteria that were transformed with DNA 
purified from mice livers that were injected with the formulation containing 
DNA lipids and peptide was 2.2 higher than the number of Ap^ bacterial 
colonies in plates of bacteria that were transformed with DNA purified from 
livers of mice that were injected with the formulation containing only lipid 
and DNA. 
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Table III 

Bacterial transformation by total DNA purified from livers 
of mice injected with liposome-encapsulated plasmid DNA 

5 



Injected formulation 


pg plasmid DN.A/ 
50 ftg liver DNA 
average ± SD (n=3) 


liposomes + plasmid DNA 


53 ± 13 


liposomes + plasmid DNA + peptide 


117 ± 31 


untreated mice 


0 



Another quantitative measurement of the amount of factor IX 
expression vector in total cellular DNA purified from mice livers was done 

15 bv Southern blot analysis. By comparing lanes 3 and 4 in Fig. I. it can be 
seen that the amount of injected plasmid DNA was 3.4 times higher in mice 
that were injected with the formulation containing the peptide than in mice 
that were mjected with the formulation which does not contain the peptide. 
These results are in agreement with the bacteria transformation results, and 

20 indicate that the gene transfer efficiency is significantW increased when the 
membrane disrupting peptide is included in the liposome formulation. 

4. Factor IX synthesis in mice injected with liposome formulations 
containing human factor IX expression vector 

25 

The liposome formulations thai were described in Section 4 were 
injected lv. into 2 groups of Balb/c mice (3 mice in each group). Four days 
post injection the mice were bled, plasma samples were prepared and tested 
bv human factor IX specific ELISA. The plasma samples were analyzed for 
30 human FIX by ELISA using two anti-human FIX monoclonal Ab (HIX-1 
and HIX-5, Sigma) as primary Ab, and rabbit anti-human FIX (Stago) as 
a secondary Ab. Bound rabbit Ab were detected with alkaline phosphatase 
conjugated anti-rabbit IgG monoclonal Ab (Sigma) and p-nitrophenyl 
phosphate fSigma). Normal pooled human plasma (Stago) was used to plot 
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a calibration curve of human FIX antigen (normal level = 5 jug/m\ human 
plasma). This assay can detect as little as 10 pg human FIX in mouse 
plasma. 

As can be seen in Table IV, significant levels of human factor IX 
protein were detected in the plasma of mice that had been injected with the 
liposome formulations containing human factor IX expression vector. The 
amount of human factor IX in the blood of mice that were injected with the 
liposome formulation containing the membrane disrupting peptide was 2.1 
higher than the amount of human factor IX in the blood of mice that were 
injected with liposome formulation that did not contain the peptide. 

Table IV 



Human factor IX in mouse plasma 



Injected formulation 


pg hFIX/ml mouse plasma 
average ± SD (n=2) 


Factor IX expression vector en- 
capsulated in liposomes 


45 ± 1.5 


Factor IX expression vector and 
membrane disrupting peptide 
encapsulated in liposomes 


97 ± 4.5 


Untreated mice 


0 



• 5. Production of factor VIII (FVIII) in mice injected with liposome 
formulations containing a human factor VUl expression vector. 

Three liposome formulations were prepared as described in 
sections 2 and 3 above. The first formulation contained 1.5 mg of human 
factor VIII expression vector pCI-FVIH [pCl vector (Promega) containing 
FV'III cDNA which encodes FVIII protein with a deletion of 695 amino 
acids of its B domain] and 150 mg of EPC. The second formulation 
contained 1.5 mg of the expression vector pCI-FVUI, 150 mg of EPC and 
5.2 mg of a lysosome disrupting peptide which is derived from the Influenza 
virus hemagglutinin protein and which increased the transfcclion efficiency 
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of a complex of DNA and polylysine into cells in vitro (Plank, C, e( ai, J. 
Bioi Chem. 269: 12918-12924, 1994) and has the following amino acid 
sequence; 

Gly-Leu-Phe-Glu-Ala-lle-Glu-Gly-Phe-Ile-Glu-Asn-Gly-Trp- 
5 Glu-Gly-Met-Ile-Asp-Gly-Trp-Tyr-Gly- 

The third formulation contained 1.5 mg of the factor VIII 
expression vector pCI-FVIII, 150 mg of EPC and 5.2 mg of a control 
peptide which contains the same amino acids as the peptide described above 
but in a scrambled order (hereinafter "scrambled peptide"): 
10 Phe-Leu-Gly-lle-Ala-Glu-Trp-lle-Asp-lle-Gly-Asn-Gly-Trp- 
Glu-GIy-Met-Glu-Phe-Tyr-GIy-Glu-Gly. 

The liposome formulations were injected i v. into 6 week-old 
male Balb/c mice (each formulation was injected into 3 mice). As control, 
mice were injected with empty liposomes and a liposome-encapsulated pCl 
15 vector. At five days post-mjection the mice were bled and plasma samples 
were prepared. Factor VIII activity in the mouse plasma was measured by 
a chromogenic assay (Baxter), and the level of human factor VIII in the 
mouse plasma was calculated as FVIII activity in the plasma of liposome- 
injected mice less the activity in the plasma of untreated mice. 
20 As seen in Table V below, co-encapsulation of lysosome 

disrupting peptide with the expression vector in the liposomes significantly 
increased factor VIII production in mice. The control scrambled peptide, 
had no effect on factor VIII production. 
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Table V 



Factor VIII activity in mouse plasma 3 days post-injection of lipo- 
5 some formulations containing a factor VIII expression vector 



Injected formulation 


Average factor VIII 
activity above base 
level (u/ml) 
(n=3) 


ng human factor 
Vlll/ml mouse 
plasma'" 


Unlreated mice 


n 


0 


Empty liposomes 


0 


0 


Liposome-encapsulat- 
ed conlrol DNA 


0 


0 


Liposome encapsulated 
factor VIII expression 
vector 


0.38 


38-76 


Liposome encapsulated 
factor VIH expression 
vector and lysosome 
disrupting peptide 


1.08 


108-216 


Liposome encapsulated 
factor VIII expression 
vector and control 
*^ peptide 


0.36 


36-72 



(1) Factor VIH amounts were calculated according to 1 
23 unit F\'in=100-200 ng 

6. Conclusion 

Enhancement of gene transfer efficiency by membrane-disrupting 
30 peptide was demonstrated in this study by results obtained through several 
different methods: 

(a) southern blot analysis of mouse liver DNA and iransfection of 
liver DNA into bacteria indicated that the amount of plasmid DNA absorbed 
by liver cells was 2.2-3.4 limes higher in mice injected with liposome 
35 encapsulated DNA and peptide than in mice injected with liposomes 
containing only DNA (Fig 1. Table III). 
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(b) human factor IX level in the mouse plasma measured by ELISA 
was 2.15 times higher in mice injected with liposome encapsulated FIX 
expression vector and peptide than in mice injected with liposomes 
containing only DNA (Table IV); and 

5 (c) the level of factor VIII in mouse plasma measured by a chromo- 

genic assay was 2.8 times higher in mice injected with liposomes containing 
FVIIl expression vector and lysosome disrupting peptide than in mice 
injected with liposomes containing FVIIl expression vector alone or co- 
cncapsulated with control peptide (Table V). 

10 In addition, the fact that the "scrambled" peptide was shown to 

be inactive indicated that the enhancement effect mediated by the two other 
peptides was due to their lysosome disrupting activity. 
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CLAIMS: 



1. A composition comprising; 

i) a polynucleic acid molecule; 

ii) a liposome; and 

iii) a peptide which disrupts membranes under acidic conditions; 
said peptide and the polynucleic acid molecule being encapsulated 

within the liposome. 

2. A composition according to claim I. wherein said peptide is 
comprised of less than about 50 amino acids. 

3. A composition according to Claim 1. wherem said peptide is 
derived from a viral protein. 

4. A composition according to Claim 3. wherein said peptide is 
derived from an influenza virus protein. 

5. A composition according to Claim 4. wherein said peptide 
comprises the following amino acid sequence 

Gly-Leu-Phe-Glu-AIa-IIe-Ala-Gly-Phe-IIe-Glu-Asn-GIy-Trp- 
Glu-Gly-Met-Iie-Asp-Gly. 

6. A composition according to Claim 4. wherein said peptide 
comprises the following amino acid sequence: 

Gly-Lcu-Phe-Glu-Ala-Ile-Ala-Gly-Phe-IIe-Glu-Asn-Glv-Trp- 
GIu-Gly-Met-lle-Asp-Gly-GIy-GIy. 

7- A composition according to claim 4. wherein said peptide 

comprises the following amino acid sequence: 

Gly-Leu-Phe-Glu-Ala-Ile-GIu-Gly-Phe-Ile-Glu-Asn-Gly- 
Trp-Glu-Gly-Met-IIe-Asp-GIy-Trp-Tvr-Glv. 

8. A method for introducing nucleic acid molecules to cells 

comprising: 

(a) encapsulating a nucleic acid molecule with a liposome together 
with a peptide capable of disrupting membranes under acidic 
conditions; 
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(b) delivering said liposomes to the cells. 

9. A method according to Claim 8, comprising delivery to the cells 
of a composition according to any one of Claims 1-7. 

10. A method according to Claim 8 or 9, wherein the nucleic acid 
molecule is delivered to cells in vivo, 

11. A method according to Claim 10, wherein said cells are liver 
cells. 
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